The modifying effects of long noncoding RNAs (lncRNAs) in rheumatoid arthritis (RA) recently have drawn much attention; however, the underlying mechanisms remain largely unknown. Herein, we aim to investigate the expression profile of lncRNAs in RA and identify promising targets for RA diagnosis and treatment. Microarray screening and real-time PCR of lncRNAs were performed by use of serum samples from 3 RA patients and 3 healthy controls. Significantly differentially expressed lncRNAs were verified in serum samples from 43 RA patients and 40 healthy controls by real-time PCR. We found that there were 73 up-regulated and 61 down-regulated lncRNAs as well as 128 up-regulated and 37 down-regulated mRNAs in serum samples of RA patients. Validation in RA clinical samples indicated 5 of these lncRNAs were significantly up-regulated including RNA143598, RNA143596, HIX0032090, IGHCgamma1, and XLOC_002730. Significant association was observed between these lncRNAs and the disease course, erythrocyte sedimentation rate (ESR), rheumatoid factor (RF) as well as anti-cyclic citrullinated peptide (anti-CCP) antibody. Additionally, 55 of the differentially expressed mRNAs were associated with 41 lncRNAs and were involved in signaling pathways of toll like receptors (TLRs), nuclear factor-kappa B (NF-κB), and cytokine, especially the IRF3/IRF7 mediated signaling transduction. Our study firstly shows the specific profile of lncRNAs in the serum of RA patients and potential signaling pathways involved in RA pathogenesis, which may provide novel targets for the diagnosis and treatment of patients with RA.
INTRODUCTION
Rheumatoid arthritis (RA) is a common autoimmune inflammatory disease, whereas the pathogenesis of it is not fully elucidated. RA is characteristic of systemic and chronic inflammation, abnormal immune response, and irreversible joint destruction [1, 2] . Some extra-articular manifestations, such as cardiovascular diseases, interstitial lung disease and polyangitis, often lead to poor prognosis of patients with RA [3] [4] [5] . Accumulated evidence has
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suggested that aberrant activation of innate and adaptive immune response plays vital roles in the development and progression of RA. Imbalance of cytokines is involved in RA. Many studies have implicated that a variety of cytokines including TNF-a, IL-1, IL-6, IL-17, IL-18, IL-29, IL-33 are involved in the pathogenesis of RA [6, 7] . Thus, biologics targeting those inflammatory cytokines have been extensively investigated and applied to the treatment of RA, such as TNF-a and IL-6. As biotechnology and bioinformatics grow, research in the expression and regulation of human genes in RA has drawn wide attention. During the past few years, increasing evidence has suggested that the abnormal expression and dysregulation of long noncoding RNAs (lncRNAs) may participate in the pathogenesis of autoimmune diseases including RA [8, 9] .
LncRNAs are RNA transcripts with more than 200 nucleotides in length. They are a new class of regulatory RNAs that are not translated into proteins. LncRNAs are transcription products of RNA polymerase II, which are widely expressed in normal tissues of human body and may be aberrantly and specifically expressed in certain pathological tissues. A number of studies have implicated that lncRNAs can be transported and released into the periphery by circulating exosomes, mediating interacts between cells and their microenvironment [10, 11] . During the last decade, lncRNAs has been strongly suggested to be involved in the development of several kinds of diseases, such as cancer, cardiovascular diseases, and rheumatoid diseases [12] [13] [14] . Emerging evidence has revealed that lncRNAs are involved in the regulation of certain biological processes, including chromatin remodeling, gene transcription, and protein transport [15] . It has been well established that lncRNAs regulate the differentiation and activation of T cells, B cells, macrophages, and NK cells, and thus affect autoimmunity and immune-related diseases, such as RA, systemic lupus erythematosus (SLE), primary Sjögren's syndrome (pSS), psoriasis, polymyositis/dermatomyositis (PM/DM) and Crohn's disease (CD) [9, 16, 17] . Therefore, elucidating the role of lncRNAs in RA can help to understand the pathogenesis of RA and provide novel promising targets for the diagnosis, treatment and prognosis estimation of RA.
The aim of this study is to investigate the underlying effects of lncRNAs in RA by microarray screening and bioinformatics analysis. The findings will provide new insights into the pathogenesis of RA and help to identify prospective targets for RA.
RESULTS

Aberrantly expressed lncRNAs and mRNAs in RA
The hierarchical clustering analysis, scatter plot and volcano plot all showed that some lncRNAs and mRNAs were differentially expressed in the serum of RA patients compared with healthy controls ( Figure 1A-1C and Figure 2A-2C) . A total of 73 up-regulated and 61 downregulated lncRNAs as well as 128 up-regulated and 37 down-regulated mRNAs were identified in the serum of patients with RA after the microarray screening. Table 1  and Table 2 presented the top 30 aberrantly expressed lncRNAs and mRNAs in RA, respectively.
LncRNA expression profile in the serum of RA
Most of the aberrantly expressed lncRNAs were validated in the serum samples from 43 RA patients and 40 healthy controls by real-time PCR. 5 of these lncRNAs were found to be significantly up-regulated in the serum of RA patients when validating by real-time PCR, including RNA143598, RNA143596, HIX0032090, IGHCgamma1, and XLOC_002730 (Figure 3 ).
Association between differentially expressed lncRNAs and clinical characteristics of RA
Significant association was observed between these up-regulated lncRNAs and the disease course, erythrocyte sedimentation rate (ESR), rheumatoid factor (RF), anticyclic citrullinated peptide antibody (anti-CCP Ab) of RA ( Figure 4 ). Figure 5A showed the top 30 significant enriched pathway terms with regard to the aberrantly expressed mRNAs in RA, primarily including toll like receptors (TLRs), nuclear factor-kappa B (NF-κB), and cytokine signaling pathways. Besides, the interferon regulatory factor (IRF3/IRF7) mediated signaling transduction was dominant in those pathways. The top 30 significant enriched GO terms were presented in Figure 5B , which were mainly involved in the biological processes, cellular components, and molecular functions of aberrantly expressed mRNAs in RA.
Functional prediction of aberrantly expressed mRNAs
Association between lncRNAs and mRNAs
Computational analysis revealed that 55 mRNAs were associated with 41 differentially expressed lncRNAs ( Figure 6 ). These significantly associated lncRNAsmRNAs pairs were primarily involved in signaling pathways of TLRs, NF-κB, and cytokine, which might contribute to the pathogenesis of RA and influence the prognosis of RA patients.
DISCUSSION
LncRNAs, as a class of noncoding RNAs, play critical roles in the regulation of autoimmunity and www.impactjournals.com/oncotarget of lncRNAs-mediated regulation in RA remain not fully understood. Understanding of lncRNAs-mediated regulation is essential for investigating prospective and novel targets for the diagnosis, treatment and prognosis estimation of RA. RA is one of the most frequent rheumatoid diseases worldwide with kinds of strong autoimmune components, such as autoantigens of citrullinated proteins [2, 3] . To the best of our knowledge, inflammation is closely related to the occurrence of RA, disease activity and prognosis. Long sustained and chronic autoimmune inflammation in the synovium can lead to destruction of joints and deformity. LncRNAs are involved in the expression of inflammatory related genes, epigenetics, inflammatory signal transduction and other biological processes by acting as guidance molecules, signal molecules, decoy molecules, and cytoskeleton molecules [24] . Therefore, it can be concluded that lncRNAs may confer modifying effects on the development and progression of RA. Recent progress has suggested that the role of lncRNAs in RA could be far more prevalent than previously appreciated. LncRNA ANRIL is the first documented lncRNA involved in the pathogenesis of RA [25] . Additionally, lncRNA ANRIL can influence inflammation primarily by modulating NF-κB and its downstream signaling pathway, and thus participates in biological processes of glucose metabolism and inflammatory response and ultimately causes coronary heart disease, vasculitis and other inflammation-related diseases [25, 26] . Aterido A et al. have found that lncRNA FAM66C was abnormally expressed in CD4+ T lymphocytes and could affect CD4+ T cells-mediated immune response in RA [27] . Increased expression of lncRNA Hotair can induce the migration of more macrophages to inflammatory sites and the amplification of local inflammatory response, which ultimately promotes the progression of RA [28] . Taken together, lncRNAs-mediated inflammatory response and immune regulation play crucial roles in the development and progression of RA. Nonetheless, little is known about the molecular mechanism in RA pathogenesis regarding lncRNAs-mediated modulation, which warrants further investigation in more future studies.
In the present study, we tried to find the differentially expressed lncRNAs and mRNAs profiles in the serum of RA patients by microarray screening. 5 significantly differentially expressed lncRNAs were identified in serum samples from patients with RA, including RNA143598, RNA143596, HIX0032090, IGHCgamma1, and XLOC_002730. Besides, significantly positive association was observed between these lncRNAs and the disease course, ESR, RF and anti-CCP antibody of patients with RA. The correlation analysis showed that RNA143598 and HIX0032090 were significantly associated with the disease course and ESR level in patients with RA. In addition, increased levels of RF were observed in RA patients with XLOC_002730 and HIX0032090 up-regulated in the serum among RA patients. Moreover, the expression of RNA143596, RNA143598 and HIX0032090 was also positively related to the level of anti-CCP antibody in the serum. It has been well established that elevated level of RF is highly associated with synovitis, vasculitis and extra articular symptoms, while increased level of anti-CCP antibody is closely related to bone erosion and destruction [29] . Accordingly, all these findings have suggested important values of lncRNAs in the diagnosis and prognosis adjustment of RA. The differentially expressed lncRNAs are associated with inflammatory response and autoimmunity, and thus influence RA occurrence, progression and prognosis.
As shown in the pathway enrichment analysis, TLRs/NF-κB signal pathways are highly enriched in RA associated with the aberrantly expressed mRNAs. Thus, TLRs/NF-κB mediated inflammation may contribute to the development of RA. Currently published studies have suggested a crucial role of TLRs/NF-κB signaling transduction in the development of some autoimmune diseases including RA, Sjogren's syndrome and systemic sclerosis [30] [31] [32] , supporting multiple promising therapeutic targets for these diseases. Similarly, we have previously found that LPS/TLR4/NF-κB signaling pathway contributed to the pathogenesis of RA [7] . Taken together, LPS/TLR4-mediated inflammation is involved in RA dependent on NF-κB signaling activation. Nonetheless, except for TLR4, other common types of TLRs, such as TLR3, TLR7, and TLR9, may also contribute to the RA pathogenesis, which is needed to be further investigated in more future studies, particularly regarding the underlying molecular mechanisms of lncRNAs involved in RA pathogenesis.
In this study, the cytokine signaling pathway has been significantly enriched by the bioinformatics analysis in the present study, especially the IRF3/IRF7 mediated signaling transduction. IRF-3 and IRF-7 are the vital transcriptional factors for the generation of IL-28A and IL-28B, whereas IRF3 and NF-κB are critical transcript factors for the production of the IL-29 [33] . IL-29, an important molecule of type III interferon family, has been demonstrated to be associated with enhanced inflammation in the development of RA in our previous study [7] . Type III interferon mainly consists of IL-29, IL-28A and IL-28B. In addition, several published studies have implicated that IL-29 could affect the inflammatory response involved in the pathogenesis of certain diseases by activation of IRFs signaling pathways [33, 34] . Moreover, the study by Xu et al. has revealed that IL-29 might enhance TLRs-mediated production of inflammatory cytokines in synovial fibroblasts [30] , suggesting a crucial role of IL-29/TLRs signaling pathways in RA pathogenesis. However, the potential effects of type III interferon family and IRFs related signaling transduction in RA remain largely unknown. We hypothesize that IL-29/IRFs signaling pathways might participate in the development and progression of RA. However, we fail to elucidate the underlying effects of lncRNAs/IL-29/IRFs in RA by use of cell and/or animal models in this study. More future studies are warranted to demonstrate the precise regulatory mechanisms of lncRNAs/IL-29/IRFs signal involved in RA.
In summary, this study, for the first time, shows specific profiles of lncRNAs and mRNA in the serum of RA patients and potential lncRNA-mRNA networks involved in RA. There are a total of 73 up-regulated and 61 down-regulated lncRNAs as well as 128 up-regulated and 37 down-regulated mRNAs in RA. LncRNAs of RNA143598, RNA143596, HIX0032090, IGHCgamma1, and XLOC_002730 are significantly up-regulated in the serum of RA patients. The differentially expressed lncRNAs are closely associated with the inflammatory response and autoimmunity. Findings in this study will support novel promising targets for RA. 
MATERIALS AND METHODS
Study subjects and sample preparation
43 RA patients and 40 healthy controls were recruited from the affiliated hospital of Weifang Medical University between September, 2015 and March, 2016. Controls were from the same hospital for health examination. All fresh blood samples were separately collected and sequentially centrifuged at 2000 rpm for 10 min. 1ml cell-free serum from the supernatant was sucked out and stored at -80°C for further detection. Characteristics of all patients and controls were summarized in Table 3 .
RNA isolation and real-time PCR
Total RNAs were isolated from serum samples by use of Plasma/Serum RNA Purification Mini Kit (Norgen Biotek Corp., Thorold, Canada) according to the manufacturers' protocols. Purified total RNAs were quantified using a NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA, USA). Then, cDNAs were synthesized from 0.5 μg RNAs for further assay based on the instructions of PrimeScript TM RT reagent Kit (Takara, Tianjin, China). Real-time PCR was carried out in triplicate assay in accordance with the specifications of SYBR Green Mastermix kit (Takara, Tianjin, China). A total of 5 ng cDNA template was used for real-time PCR assay. Random primers were used in experiments. The expression of each lncRNA was represented as fold changes using the 2 -∆∆CT method and normalized to housekeeping gene GAPDH. Primer sequences used in validation of lncRNAs in this paper were listed in Table 4 .
Microarray screening
Capitalbio Agilent LncRNA + mRNA Human Gene Expression Microarray V4.0 was used to screen differentially expressed lncRNAs and mRNAs in the serum of RA patients (Capitalbio Corp., Beijing, China). In this study, serum samples from 3 patients and 3 controls were randomly selected for microarray analysis. It was considered to be statistically significant between the two groups when the fold changes for differentially expressed lncRNAs and mRNAs were larger than 2.0 and the P value for t-test was less than 0.05. Most of the differentially expressed genes were validated by real-time PCR, especially those lncRNAs which co-expressed with mRNAs.
Bioinformatics analysis
After microarray screening for lncRNAs and mRNAs in the serum samples from RA patients and controls, the hierarchy clustering, gene ontology (GO) functional enrichment and pathway enrichment analyses were then performed for further estimation by use of KOBAS (KEGG Orthology Based Annotation System) software. In order to predict the potential regulatory effects of differentially expressed lncRNAs on mRNAs, an lncRNA-mRNA co-expression network was conducted by bioinformatics analysis.
Statistical analysis
Data were shown as mean ± SEM. We used independent-Samples T test or One-Way ANOVA for statistical analysis. A two-sided P < 0.05 was regarded to be statistically significant. Softwares of SPSS (version 16.0) and Graphpad (version 5.0) were applied for statistical analysis. 
